In this research was evaluated the behavior of an anaerobic reactor dual chamber (ARDC) as technological innovation of the UASB reactors. The ARDC was assessed in three phases; Phase I Evaluation at laboratory scale treats synthetic wastewater (SWW). Phase II, laboratory-scale assessment compared the ARDC with a conventional reactor UASB treat municipal wastewater (MWW). Phase III, evaluation of a pilot-scale ARCD trying MWW. All the phases described above were evaluated at hydraulic retention times (HRT) of 12, 10, 8, 6 h. The results shows that the ARDC in phase I obtained efficiencies of removal of the CODT in a range of 69 to 85 per cent for all HRT. In phase II the ARDC presented greater efficiency in CODT (70 ± 7%), with regard to the UASB (64 ± 8%) for the HRT of 12 h. For phase III removal of CODT remained in the range of 59.77% to 74.64%, with an average of 68.26%. From these results may indicate that the ARDC is a viable technology innovation to use in the treatment of MWW.
Introduction
To minimize the effect of wastewater (WW), in recent years there has been a real revolution in the investigations concerning to the systems of treatments of WW, innovations in this field are one of the most important strategies for the environment conservation. Within this area the anaerobic technology can be considered and is relatively recent, it is being used in a systematic way just over a hundred years ago [1] , within the anaerobic technology the UASB (Upflow Anaerobic Sludge Blanket) constitute today one of the main units of "treatment". Thanks to the maturity and experience that has been achieved with this system, which occupies an excellent position in Latin America, where its construction on real scale has increased for the purification of municipal effluents; in Latin American countries such as Brazil, where it is necessary to solve health problems and pollution with efficient technologies at low cost [2] . This technology is to prevail in Colombia [3] .
Although the UASB technology has been considered very viable for the implementation in several countries due to the low costs, efficiencies in the elimination of biodegradable matter and compatibility with the environment, are not completely efficient for the removal of the constituents of the WW; in the UASB is mainly removed the particulate organic matter and the dissolved, by which a single type of biological reactor cannot achieve the required quality levels in the effluent. According to the above there are inherent limitations to the UASB, several studies on the assessment of UASB reactors have sought the improvement of effluent of this, through the separation in stages of treatment, looking for the optimization of size, by comparing the behavior of a reactor with reactors in series [4] .
In spite of the fact that the UASB reactor has already proved, in several development countries that is capable of dealing efficiently with wastewater [5] does not imply that it can make changes to enhance its performance, the evaluation of a UASB reactor changed to a double anaerobic reactor chamber (ARDC) is an innovative alternative to be studied. The proposed amendments with the ARDC is to obtain a more stable hydraulic regime in the reactor, as well as the establishment of a distribution system is directed in both chambers, enabling to achieve more stable accessional speeds and a lower occurrence of dead zones in the interior of the reactor, this could avoid the loss of biomass which gives to a subsequent decrease in the efficiency of the reactor due to the presence of particulate material, with the establishment of the dual chamber could be achieved a better contact between biomass and substrate which could result in a better performance of the system, also a more clarified effluent with a low solids flows.
In this research was assessed the efficiency of an anaerobic reactor of dual chamber (ARDC), as a technological innovation of the UASB reactor, in three phases; first, at laboratory scale trying synthetic wastewater (SWW), second at laboratory scale by comparing the organic matter removal with a conventional reactor USAB trying municipal wastewater (MWW) and third at pilot scale trying MWW. The evaluation of this new configuration of the UASB reactors seek as a result that the MWW Technological innovation of an anaerobic reactor dual chamber 3963 treated fulfil the requirements of the environmental standard and provide protection to the receiving bodies where landfilled.
Materials and methods
For the purposes of compliance with the objectives of the investigation, the methodology is divided into three phases. Phase I. Evaluation of laboratory-scale ARDC trying synthetic wastewater (SWW) was designed and built a UASB anaerobic reactor of dual chamber (ARDC) as technological innovation at laboratory scale, with a volume of 12 L. The volume was distributed in two chambers (R1 and R2), the first with a useful volume of 7.5 L and the second with 4.5 L. The objective in this phase was to know the dynamics for the treatment of SWW to different hydraulic retention time ( Figure 1a ). The substrate used was SWW. It is prepared with the necessary nutrients to simulate municipal wastewater both in organic load (500 mg COD/L) as an amount of nutrients. As a source of carbon was used glucose, in order to ensure that the methanogenic bacteria work in optimal conditions was added sodium bicarbonate (NaHCO3) to the solution, this ensured the control of the conditions acido-basic. The amount of synthetic water was prepared according to the retention times evaluated.
Phase II. Comparison of the efficiency of a reactor ARDC with a reactor UASB at laboratory scale in the treatment of municipal wastewater, was designed and built a UASB reactor conventional 12 L of volume, the ARDC and conventional the UASB reactor were inoculated and operated to identical conditions, trying raw MWW of the city of Maracaibo with different hydraulic loads, this has made it possible to compare the various operational aspects of these reactors ( Figure 1b) . The substrate used in this phase was MWW collected in the Research Center of the Water (CIA) of the Faculty of Engineering of the University of Zulia (LUZ) and fed with MWW of the manifold C that collects the waters of the north-western area of the city of Maracaibo, Venezuela, this was collected and transported to the department of environmental and sanitary engineering (DESE) of the University of Zulia for feeding ARCD which was evaluated HRT 12, 10, 8 and 6 hours.
Phase III. Evaluation of an anaerobic reactor of double chamber ARDC at pilot scale for the wastewater treatment of the city of Maracaibo-Venezuela (Figure 1c and 1d). It was designed and built a reactor ARDC with a useful volume of 534,5 L (chamber R1=305 L and chamber R2= 229.5 L), each one of the cameras were inoculated with granular sludge (20% v/v) from a local brewery. The system was located on the premises of the Research Center Water (RCW) of the Faculty of Engineering of the University of Zulia (TUZ) and fed with municipal wastewater of the collector C that collects water from the northwest of the city of Maracaibo Venezuela. To suck water collector a self-priming peripheral pump 1 HP equipped with a timer of 10 events filling a tank of 1200 L used every 2.4 hours; this tank system with a constant flow with the help of a peristaltic pump fed Cole Parmer brand. This system was evaluated on environmental conditions and fed with raw wastewater, with this system of treatment was evaluated starting the ARDC and monitored the operational variables and design in the treatment system studied. Start-up and systems operation. Starting in both phase I and II began with a washing process of sludge, applying high speeds ascensionales that ensured the selection thereof, initially operated the ARDC per charge, during 12 days to acclimate the sludge to a new substrate, until the production of biogas that remained constant. Then fuelled reactors with continuous flow starting with the largest retention time: 12; 10; 8; and 6 h. The changes of the HRT are carried out when the reactor achieved stability, which was measured in terms of removal efficiencies of COD and biogas production [6] .
In regard to phase III the ARDC; once this was inoculated was submitted to washing and screening of the biomass. To do this the mud underwent a increasing speed of 0,539 m/h and 0.567 m/h for the camera 1 and 2 respectively for 2 days, then for its adaptation to the new substrate (MWW), it was left by load for 15 days, the volume was replaced every 2 days to fit continuous flow for a sufficient time to replace the volume of the reactor; this activity was carried out until it was observed a biogas production relatively constant, then was fed with continuous flow starting with a theoretical hydraulic retention time (HRT) of 12 h. In the three phase was proceeded the took of samples simple and compound of the affluent and effluent into the different HRT studied, determining; pH, carbonic alkalinity and total, temperature, CODT (Total), CODS (Soluble), BOD5.20, total suspended solids, volatile and fixed, volatile fatty acids, total phosphorus, total Kjeldahl nitrogen according to standard methods [7] .
Presentation and analysis of results
Phase I. At this stage the physicochemical parameters were normal, the temperature in the effluents of the cameras R1 and R2 have maintained an average of 25 ºC indicating that the range of work was mesophilic as recommended [8] . The pH ranged between 6.5 and 6.7 units for the effluent, with slight variability. In relation to the values of the alkalinity in the ARDC, these remained higher than those of the entry for all HRT evaluated, indicating that the increase of the alkalinity in the ARDC originated by the presence of CO2 product of the process of anaerobic digestion [9] . Figure 2 presents CODT concentrations, the influent remained almost constant (500 mg / L), the average output of CODT in the chamber R1 was 193 ± 52 mg/L and the output in the chamber R2 was 108 ± 42 mg/L. The CODT for the majority of the times studied presented a relative stability in the output of both chambers. For the HRT of 12 h, the average CODT of entry was 467 ± 47 mg/L and the output in the chambers R1 and R2 was 233 ± 45 and 123 ± 32 mg/L respectively, presenting an average of removal of 55 ± 9% for the camera R1 and 47 ± 11% for the camera R2, the total efficiency of ARDC was 76 ± 6 % for this retention time. The highest efficiencies were presented in the HRT of 10 and 8 h, with regard to the percentage of removal CODT, reporting values of 84 ±3 and 85 ± 4 %. Phase II. The average temperature of the MWW in the effluents of the ARDC (Chamber R1 and R2) and the UASB was maintained at an average of 27ºC for all HRT. The average temperature in the operation of the UASB and ARDC, under controlled conditions and environmental was 26 and 29 °C respectively. In regard to the pH for both the ARDC (Chamber R1 and R2) and the UASB presented slight variability registering an average of 7.1 for the UASB and 7.2 for the chambers of the ARDC. These values are in the ranges established for the anaerobic systems [10] . The total alkalinity in the effluent was higher at the affluent in all HRT evaluated in the ARDC and UASB. The average of the alkalinity in R2 presented a slight increase in relation with R1 attributing this to the greater stability achieved by the anaerobic process in this chamber. The average values of the total alkalinity to the output of the ARDC and UASB were 301 and 303 mg/L respectively, not significant variation was observed.
The results obtained in the alkalinity and pH in the ARDC and UASB indicated that they presented a stability in the anaerobic process in both systems, given that with these values ensures the neutralization of acids and prevention of sudden changes in pH [9] , this also enabled the conservation of microbial mass, and the growth of microorganisms for their intervention in the processes of degradation and stabilization of the organic matter present in the MWW [11] .
The CODT tributary to the HRT of 12, 10, 8 6, 4, 3 and 2 h maintain a consistency in their values, this is due to the fact that the wastewater took on the manifold C and is stored in a cold room, be used until exhausted. The CODT average tributary to the HRT evaluated was 390 ± 50.6 mg/L, this value allows to classify it as a weak wastewater [12] . The average CODT in the effluent for all HRT evaluated in the chambers R1 and R2 and UASB was 224.3 ± 47.7; 153.0 ± 38.8 and 161.0 ± 35.5 mg/L respectively, observing in general terms a relative stability in the majority of the HRT for the effluent of both systems. Figure 3 . Evolution of the CODT in the ARDC and UASB for diferent HRT. Table 1 presents removal efficiencies of the CODT during treatment of the MWW of the city of Maracaibo in the HRT evaluated. For the HRT of 12 h, the average CODT of tributary was 345 ± 19 mg/L and in the effluent of the chambers R1, R2 and UASB was 168 ± 29, 104 ± 23 and 123 ± 22 mg/L respectively, presenting an average of removal of 52 ± 8% for the chamber R1, 40 ± 6% for the chamber R2, and 64 ± 8% for the UASB efficiency total of ARDC was 70 ± 7%, observed that the ARDC presents greater efficiency than the UASB it can observe a similarity in mine CODT in the times of 10, 8 and 6 h in the ARDC, in the same way for all HRT except for the 6 hours in the UASB. Phase III. In the operational parameters it was observed that the pH had slight variability with respect to the HRT studied, it was found between 6.7 -8.2 for the influent registering average and standard deviation of 7.3 ± 0.3. The average temperatures recorded for the chambers R1 and R2 were 30.25 ± 0.86 and 30.26 ± 0.73°C, respectively. These values were located within the considered as optimal for the mesophilic range; between 30 and 35°C [8] . The total alkalinity average of the influent wastewater during the entire investigation was 263 ± 40 mg CaCO3/L these values ensured the neutralization of acids and prevention of sudden changes in pH [9] .
The fed of the system is carried out with municipal wastewater with a low concentration of CODT, an average of 369 ± 82 mg/L, in the HRT of 12 h the effluents of the chambers R1 and R2 (ARDC), recorded average and standard deviation of 187 ± 57 and 108 ± 19 mg/L respectively (Figure 3a) . The percentages of removal average CODT in the ARDC throughout the study was 86 ± 5, registering a removal in the CODT 56 ± 11 and 42 ± 16 % in the chambers R1 and R2 in your order. 
Conclusions
Based on the results obtained in each of the phases evaluated with the ARDC was established that is a viable alternative to implementing in the treatment of municipal wastewater technological innovation, this is corroborated by obtaining removal efficiencies of CODT between 69 and 85 % treating synthetic wastewater at laboratory scale; with municipal wastewater the resulted indicated that this presents advantages compared to UASB reactors, with regard to the removal of CODT.. The removal efficiency for the CODT in the ARDC remained in the range of 59,77% to 74,640% with an average of 68,26%. %R. RADCA
